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Protonation constants of methyl-, ethyl-, propyl- and butylamines were determined potentiometrically
using an electrode system calibrated in concentration units of hydrogen ion in ethanol-water mixtures
(10% -80% ethanol, v/v) at an ionic strength of 0.1 and at 25 ◦ C. The trend in the values of protonation
constants of these aliphatic amines was explained in terms of the number of alkyl groups and solvent
composition. The basicity orders were found to be NH3 < R3 N < RNH2 < R2 NH (R:-CH3, -C2 H5 ,
-n-C3 H7 and –n-C4 H9 ) in all the solvent mixtures studied.
Key Words: Aliphatic amines, potentiometry, protonation constant, ethanol-water mixtures.

Introduction
The aliphatic and aromatic amines and their salts are used in many sectors such as medicine, cosmetics, and
the dye and soap industries as well as in many organic reactions. Therefore the investigation of their chemical
behaviour in diﬀerent media is of great importance for the determination of their general properties. The
protonation constant is the equilibrium constant of the reaction of a base binding with a proton and most
of the values given in the literature are those determined in aqueous media. However, it has been suggested
that non-aqueous media and the media of an organic solvent mixed with water could provide a better model
for in vivo reactions1 . There are numerous studies on the basicity aliphatic amines in various solvents

2−15

.

In the present study, the stoichiometric protonation constants (β) of ammonia and methyl-, ethyl-,
propyl- and butylamines were determined in various ethanol-water mixtures. The changes in protonation
constants with the type and number of alkyl groups attached and the correlation between the protonation
constants and the mole fraction of ethanol was also investigated.

Experimental
Chemicals and Standard Solution
Ammonium chloride (98%, Merck), methylamine hydrochloride (97%, BDH), dimethylamine hydrochloride
(99%, Merck), trimethylamine hydrochloride (98%, Merck), ethylamine hydrochloride (99%, Merck), di∗ Corresponding

author
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ethylamine hydrochloride (99%, Merck), triethylamine hydrochloride (98.5%, BDH), n-propylamine (99%,
Merck) di-n-propylamine (99%, BDH), tri-n-propylamine (99%, BDH), n-butylamine (98%, BDH), di-nbutylamine (99%, BDH), and tri-n-butylamine (99%, BDH) were used and the purity of these compounds
was checked by potentiometric titration.
Stock solutions (0.030 M) of ammonia, methyl-, dimethyl-, trimethyl-, ethyl-, diethyl- and triethylamines were prepared from the hydrochlorides of their amines in water. The preparation of the stock
solutions of the other amines was carried out by dissolving amines in ethanol instead of water. The stock
solutions were used by diluting in suitable concentrations.
Stock solutions of strong acid and strong base were prepared using analytical grade perchloric acid
and sodium hydroxide respectively. Acid solutions were standardised by titrating against primary standard
sodium carbonate. The standard base solutions employed were 10, 20, 30, 40, 50, 60, 70 and 80% (v/v)
aqueous ethanolic solutions. These solutions were standardised with the use of linear least squares ﬁt of
Gran’s plots used for the determination of the end point, obtained by the titration of these bases with
perchloric acid16,17.
The ionic strength was kept constant using a chemically pure sodium perchlorate and the ethanol
used was puriﬁed as described in the literature18 .

Potentiometric Apparatus and Procedure
All the potentiometric measurements were performed in a 80 mL jacketed titration cell thermostated at
◦

25.0 ± 0.1 C under nitrogen atmosphere. The cell potential was measured using an Orion 720 A model
pH-ion meter equipped with a combined pH electrode (Ingold). The electrode was modiﬁed by replacing the
aqueous solution with a solution of 0.01 M NaCl + 0.09 M NaClO4 saturated with AgCl.
The potentiometric cell was calibrated for the use of the combined pH electrode as a hydrogen
concentration probe rather than as an activity probe19−21 . Reproducible autoprolysis constants (Kap ) were
calculated using several series of [H+ ] and [OH− ] measurements at 0.1 M NaClO4 22−24.
All titrations were performed in a nitrogen atmosphere with carbonate free standard of 0.1 M NaOH
and 50 mL solutions of 0.1 M NaClO4 using (i) 2.5 × 10−3 M HClO4 for cell calibration and (ii) 3.0 × 10−4
– 2.0× 10−3 M HClO4 + 1.5 × 10−3 M aliphatic amine.
The stoichiometric protonation constants of the aliphatic amines were calculated using software called
PKAS developed by Motekaitis and Martell19,25.

Results and Discussion
The stoichiometric protonation constants (β) of ammonia and methyl-, ethyl-, n-propyl- and n-butylamines
were determined in ethanol-water media of varying solvent compositions (10-80 volume% ethanol) at 25.0
± 0.1 ◦ C and are tabulated in Table 1. All the values presented in this table are the average of at least ﬁve
measurements. These values are the equilibrium constants of the reaction B + H+ ⇔ BH+ , where B and
BH+ show ammonia and aliphatic alkyl amines and ammonium or alkyl ammonium ions respectively.
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10% E + 90% W
(x = 0.03)
9.03 ± (0.02)
10.20 ± (0.01)
10.37 ± (0.05)
9.50 ± (0.05)
10.27 ± (0.01)
10.67 ± (0.05)
10.34 ± (0.05)
10.25 ± (0.05)
10.53 ± (0.05)
10.36 ± (0.05)
10.28 ± (0.05)
10.62 ± (0.05)
10.69 ± (0.05)

20% E + 80% W
(x = 0.07)
8.92 ± (0.02)
10.25 ± (0.01)
10.42 ± (0.01)
9.48 ± (0.01)
10.35 ± (0.05)
10.67 ± (0.01)
10.22 ± (0.02)
10.27 ± (0.05)
10.50 ± (0.05)
10.14 ± (0.05)
10.18 ± (0.05)
10.44 ± (0.05)
9.71 ± (0.05)

x: the mole fraction of ethanol; E: ethanol; W: water

Aliphatic
Amines
NH3
CH3 NH2
(CH3 )2 NH
(CH3 )3 N
(C2 H5 )NH2
(C2 H5 )2 NH
(C2 H5 )3 N
n-C3 H7 NH2
(n-C3 H7 )2 NH
(n-C3 H7 )3 N
n-C4 H9 NH2
(n-C4 H9 )2 NH
(n-C4 H9 )3 N

30% E + 70% W
(x = 0.117)
8.82 ± (0.02)
10.08 ± (0.01)
10.26 ± (0.01)
9.31 ± (0.02)
10.21 ± (0.01)
10.50 ± (0.01)
10.06 ± (0.01)
10.33 ± (0.01)
10.38 ± (0.01)
9.94 ± (0.05)
9.94 ± (0.05)
10.14 ± (0.05)
9.54 ± (0.05)

40% E + 60% W
(x = 0.17)
8.71 ± (0.02)
9.90 ± (0.01)
10.14 ± (0.01)
9.18 ± (0.03)
10.07 ± (0.01)
10.38 ± (0.01)
9.85 ± (0.02)
9.86 ± (0.01)
10.22 ± (0.01)
9.69 ± (0.01)
9.81 ± (0.01)
10.04 ± (0.01)
9.36 ± (0.01)

50% E + 50% W
(x = 0.24)
8.51 ± (0.03)
9.76 ± (0.01)
9.84 ± (0.01)
8.84 ± (0.01)
9.74 ± (0.01)
10.12 ± (0.02)
9.69 ± (0.01)
9.76 ± (0.01)
9.89 ± (0.03)
9.31 ± (0.01)
9.65 ± (0.02)
9.77 ± (0.01)
9.09 ± (0.01)

60% E + 40% W
(x = 0.32)
8.43 ± (0.02)
9.59 ± (0.01)
9.69 ± (0.01)
8.55 ± (0.03)
9.60 ± (0.02)
9.79 ± (0.04)
9.40 ± (0.03)
9.57 ± (0.02)
9.70 ± (0.03)
9.17 ± (0.03)
9.48 ± (0.01)
9.59 ± (0.02)
8.95 ± (0.04)

70% E + 30% W
(x = 0.42)
8.25 ± (0.04)
9.40 ± (0.03)
9.50 ± (0.05)
8.26 ± (0.05)
9.38 ± (0.02)
9.53 ± (0.03)
9.02 ± (0.02)
9.26 ± (0.03)
9.33 ± (0.04)
8.66 ± (0.04)
9.29 ± (0.03)
9.38 ± (0.02)
8.52 ± (0.02)

80% E + 20% W
(x = 0.55)
8.07 ± (0.07)
9.15 ± (0.03)
9.27 ± (0.02)
7.97 ± (0.03)
9.20 ± (0.02)
9.32 ± (0.02)
8.83 ± (0.03)
8.94 ± (0.01)
9.11 ± (0.01)
8.34 ± (0.01)
9.10 ± (0.01)
9.15 ± (0.01)
8.43 ± (0.01)

Table 1. The stoichiometric protonation constants of the aliphatic alkylamines at 25.0 ± 0.1◦ C, for diﬀerent ethanol-water mixtures (µ = 0.1 M NaClO4 )
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The protonation constants given in Table 1 are considered in more detail in order to gain more
information about the eﬀect of solvent composition and the speciﬁc eﬀects of substituents on the basicities
of aliphatic amines in ethanol-water mixtures.

Solvent eﬀect
The numerical log β values for ammonia and 12 aliphatic amines determined in ethanol-water mixtures
decrease with increasing ethanol content in the solvent mixture, an example of which is given in the Figure.
It is observed that the relationships are linear over the range of ethanol mole fractions from 0.07 to 0.42 for
ammonia and all the aliphatic amines investigated. However, log β values at a mole fraction of ethanol of 0.42
are slightly higher than those expected from the linear trend. The linear equations, the related regression
coeﬃcients and the standard deviations are listed in Table 2. This linear variation is very similar to that found
for salicylideneanilines, 2-hydroxy-1-naphthalideneanilines and pyridine derivatives20,26−28. Furthermore,
similar results were found by De Ligny for primary aliphatic amines in methanol-water mixtures3 . Paabo et
al.29, Bates30−31 and Chattopadhyay and Lahiri2 have examined the eﬀect of a change in solvent composition
on the dissociation of BH+ and the related Gibbs energies of transfer in mixed solvents. In these publications
it is suggested that electrostatic charging eﬀects result from changes in the dielectric constant with solvent
eﬀects and that solute-solvent interactions have greater signiﬁcance in the interpretation of solvent eﬀects.
Thus, we can explain our results obtained for aliphatic amines by speciﬁc solvation eﬀects. Since ethanol
would solvate aliphatic amines better than aliphatic ammonium ions, the log β values would decrease upon
addition of ethanol. The deviations of linearity in 10% and 80% ethanol may result from the preferential
solvation of solute by one of the components of the solvent mixture, which could change the eﬀective dielectric
constant value in the cibotactic region32 . Furthermore, another factor causing an increase in the log β values
of all amines in ethanol rich regions could be diﬀerences in solvent stabilisation of the ionic species (H+ and
aliphatic ammonium ions), brought about by changing the mole fraction of ethanol30,31.
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Figure. Plot of log β of ammonia(a), ethylamine (b), diethylamine (c) and triethylamine (d) against the mole
fraction of ethanol in ethanol-water mixture.
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Table 2. Linear relationships between the log β values of ammonia and aliphatic alkylamines and the mole fraction
of ethanol (from 0.07 to 0.42).

Compounds
NH3
CH3 NH2
(CH3 )2 NH
(CH3 )3 N
C2 H5 NH2
(C2 H5 )2 NH
(C2 H5 )3 N
n-C3 H7 NH2
(n-C3 H7 )2 NH
(n-C3 H7 )3 N
n-C4 H9 NH2
(n-C4 H9 )2 NH
(n-C4 H9 )3 N
a

Equations
logβ = 9.04-1.94x
logβ = 10.36-2.39x
logβ = 10.58-2.71x
logβ = 9.74-3.62x
logβ = 10.53-2.87x
logβ = 10.91-3.36x
logβ = 10.46-3.40x
logβ = 10.52-3.06x
logβ = 10.76-3.43x
logβ = 10.41-4.18x
logβ = 10.27-2.44x
logβ = 10.55-2.94x
logβ = 9.93-3.32x

ra
0.992
0.991
0.989
0.996
0.989
0.997
0.998
0.970
0.995
0.994
0.986
0.983
0.996

sb
0.04
0.05
0.06
0.04
0.06
0.04
0.03
0.11
0.05
0.07
0.06
0.08
0.05

Regression coeﬃcient

b

Standard deviation of the regression line.
x: the mole fraction of ethanol

Substituent Eﬀect
Using the protonation constants obtained in this work, the eﬀects of the type and number of alkyl groups
on the basicity of the aliphatic amines have been discussed. The most important factor which aﬀects the
basicity and therefore the protonation constant of a compound is the structural eﬀect. This eﬀect can be
explained by taking the electronic and sterical eﬀects of the alkyl groups investigated into account. Since
alkyl groups are electron donating, the replacement of hydrogen atoms in ammonia with alkyl groups is
expected to increase the protonation constant. This is why the protonation constant of ammonia is the
lowest in all the media investigated. For the very same reason one would have expected the basicity to
increase with the increasing number of alkyl groups. However, except in 10% ethanol-80% water medium
the basicity was found to change in the order NH3 < R3 N < RNH2 < R2 NH (R: -CH3 , -C2 H5 , -n-C3 H7 ,
-n-C4 H9 ). Had there been only electronic eﬀects active then the tertiary amines would have had the highest
protonation constants. The steric eﬀect, on the other hand, causes the protonation constants to decrease in
contrast to the electronic eﬀect. The above order shows that both of these contrasting eﬀects are operative
in alkyl amines. The order is identical with that found for these amines in water33 . In water, there are
two main opposing eﬀects inﬂuencing the basicities of amines, namely hydration and inductive eﬀects. The
hydration eﬀect decreases the basicities of amines with an increase in the number of alkyl substitutions,
whereas the inductive eﬀect increases with an increase in the number of alkyl substitutions. The similarity
of the orders of basicity in water and ethanol-water mixtures is probability due to the fact that ethanol and
water are solvents with similar structures.
The changes in the protonation constants of the alkyl amines with the increasing number of carbon
atoms was also investigated, but there was no order of change common to all media employed. This was
attributed to the variety of the eﬀects upon basicity and their relative contribution in various media.
In conclusion, the basicity of a compound is a result of various factors such as (i) the solvent eﬀect:
solvation power, the tendency to form hydrogen bonds, selective solvation, dielectric constant and the
847
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composition of the solution in the ﬁrst solvation layer in the case of mixed solvents, and (ii) the structural
eﬀect: electronic eﬀect, sterical eﬀect and hydrogen bonding.
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11. A. Kenar, T. Gündüz and E. Kılıç, Anal.Chim.Acta, 324, 57, (1996).
12. R.G. Pearson and D.C. Vogelsong, J.Am.Chem.Soc., 80, 1038, (1957).
13. A. Reyes and R.M. Scott, J. Phys. Chem, 84, 3600, (1980).
14. D.B. Robabacher, W.J. Mackellar, F.R. Shu and B.M Sister,. Anal. Chem., 43, 561, (1971).
15. G. Velinov and M. Georgieva, Anal. Chim. Acta.,140, 339, (1982).
16. G. Gran, Acta. Chem. Scand., 4, 559, (1950).
17. G. Gran, Analyst, 77, 661, (1958).
18. D.D. Perrin and W.L.F. Armerego, Puriﬁcation of Laboratory Chemicals, Pergamon, Elmsford, NY, 1991.
19. A.E. Martell and R.J. Motekaitis, The Determination and Use of Stability Constants, VCH, 1988.
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